Introduction
Flow titrations combine the advantages of flow-through analysis (tbr example high reproducibility, fast mixing, short analysis times and reduced interference from contaminants) with those of titration (high accuracy, precision and reliability). Flow titrations working according to the principle of flow injection analysis have been widely reported [1] [2] [3] [4] . There are advantages in this technique (for example high sampling rates and low reagent consumption), but the disadvantages should not be ignored--calibration with a series of standard solutions and non-linearly deformed titration curves which make evaluation difficult.
Programmed coulometric flow titration was developed by Nagy et al. in the late 1970s [5] [6] [7] [8] ; in this linear concentration gradients of the titration reagent are generated electrolytically. Two gradients form a triangle, which is continuously mixed with the sample solution in a dripping vessel. Miniaturization of the flow channel, replacement of the dripping vessel for a coiled tube, and optimization of the titration parameters enables nearly absolute working gradient titrations to be performed in flow channels [9] [10] . Valcarcel el al. [12 and 13] During coulometric titrations, the reagent mass flow profile is generated electrolytically in a miniaturized flow cell with a low degree of back mixing (see figure 10 ) by a triangle current programme according to: y /max* l/r 0 < < r I(t) During volumetric titrations, the streams of two computercontrolled pumps are mixed. One pump propels a reagent stock solution, at concentration c, with the flow rate programme:
The other pump propels a diluent with the inverse flow rate programme: max(/-) <Z Results and discussion Table 3 shows the flow titrator's working parameters. Sampling rate and sample consumption depend on the firation time 2z.
The electrolysis current source was tested with working resistors in the range between 0.1 and 47k Ohm. The relative deviation of the measured from the preadjusted current was not greater than 0"29/o in the range between 0"05-2 mA, and smaller than 0"5 in the range 0"05-5 gA.
The time interval between two changes of electrolysis current is adapted automatically to the titration time 2z
and the maximum electrolysis current /max in the range fi'om 1"25 ms to 216.1"25 ms, so that the maximum number of current steps approximates a linear time thnction of the electrolysis current. Figure 9 . Coulometric measuring set-up with gas dialysis cell; see lexl for explanalion. Figure 11 shows the gas dialysis cell: this separation cell consists of two mirror symmetric KelF-plates with groove labyrinths (groove width 1"5 mm, depth 0'2 mm).
A microporous teflon membrane, which has a mean pore size of 0"2gm and is 201am thick (from Sartorius, G6ttingen, Germany), is mounted between the two plates. The membrane exchange area is 505 mm2.
To determine the sum of ammonia and ammonium, the sample solution is mixed with a 0"2 M NaOH solution to convert ammonium completely into the volatile ammonia. Between 0"1 mM and 2 mM ammonia, the calibration graph (14) is. almost identical to the preca!culated The combination of the coulometric flow titration of ammonia with a complete analyte separation by gas dialysis and with enzyme reactors, which convert all of the analyte, enables nearly absolute determinations of glutamine and urea to be performed [10] . The titrator was used for simultaneous on-line determinations of ammonia and glutamine in animal cell culture media [-19-] .
In addition, other flow detectors can be used to extend the application field fo the PC-based flow titrator.
